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SUBJECT:  Carl  Dreyer  Lake  Dam  (Mo.  10158)  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation  of 
the  Carl  Dreyer  Lake  Dam  (Mo.  10158). 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
Dans . 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 

1)  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood 

2)  Overtopping  could  result  in  dam  failure 

3)  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream 
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Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Carl  Dreyer  Lake  Dam,  Missouri  Inv.  No.  10158 

Missouri 

Montgomery 

An  unnamed  tributary  of  the  Smith  Branch  of  Clear 
Fork  Creek 

June  5,  1980 


Assessment  of  General  Condition 


Carl  Dreyer  Lake  Dam  was  inspected  by  the  engineering  firms  of 
Consoer,  Townsend  and  Associates,  Ltd.  and  PRC  Engineering  Consultants, 
Inc.  (A  Joint  Venture)  of  St.  Louis,  Missouri  according  to  the  U.  S.  Army 
Corps  of  Engineers  "Engineer  Regulation  No.  1110-2-106"  and  additional 
guidelines  furnished  by  the  St.  Louis  District  of  the  Corps  of  Engineers. 
Based  upon  the  criteria  in  the  guidelines,  the  dam  is  in  the  high  hazard 
potential  classification,  which  means  that  loss  of  life  and  appreciable 
property  damage  could  occur  in  the  event  of  failure  of  the  dam.  There 
are  four  dwellings  and  two  buildings  within  the  estimated  damage  zone  of 
four  miles  downstream  of  the  dam,  all  of  which  may  be  subjected  to 
flooding,  with  possible  damage  and/or  destruction,  and  possible  loss  of 
life.  Carl  Dreyer  Lake  Dam  is  in  the  small  size  classification  since  it 
is  less  than  40  feet  in  height  and  impounds  less  than  1,000  acre-feet  of 
water. 


Our  inspection  and  evaluation  indicates  that  the 
reservoir/spillway  system  of  Carl  Dreyer  Lake  Dam  does  not  meet  the 
criteria  set  forth  in  the  guidelines  for  a  dam  having  the  above  size  and 
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hazard  potential.  Carl  Dreyer  Lake  Dam  being  a  small  size  dam  with  a  j 

high  hazard  potential  is  required  by  the  guidelines  to  be  able  to  pass  j 

from  one-half  of  the  Probable  Maximum  Flood  to  the  Probable  Maximum  Flood  j  j 

without  overtopping  the  dam.  Considering,  however,  the  number  of  ; 

inhabited  dwellings  located  downstream  of  the  dam,  the  PMF  is  considered  '  . 

the  appropriate  spillway  design  flood  for  Carl  Dreyer  Lake  Dam.  It  was 
determined  that  the  reservoir/spillway  system  can  accommodate 
approximately  20  percent  of  the  Probable  Maximum  Flood  before  overtopping 
of  the  dam  occurs.  Our  evaluation  also  indicates  that  the 

reservoir/spi llway  system  will  accommodate  the  one-percent  chance  flood 
(100-year  flood)  without  overtopping  the  dam. 

The  Probable  Maximum  Flood  is  defined  as  the  flood  discharge  * 

that  may  be  expected  from  the  most  severe  combination  of  critical 
meteorological  and  hydrologic  conditions  that  are  reasonably  possible  in 
the  region. 

Carl  Dreyer  Lake  Dam  and  its  appurtenant  structures  are  in 
fair  condition.  Some  deficiencies  were  noted  by  the  inspection  team, 
which  could  affect  the  safety  of  the  dam  and  appurtenant  structures. 

These  items  are  as  follows:  the  area  of  possible  seepage  to  the  left  of 

the  principal  spillway  pipe  outlet,  the  small  trees  growing  on  the 

downstream  slope,  the  wave  erosion  on  the  upstream  slope,  the  erosion 

downstream  of  the  toe  of  dam,  the  unmaintained  vegetation  on  the 

embankment  (especially  on  the  downstream  slope),  the  sloughed  area  in  the 

emergency  spillway,  the  rusting  of  the  principal  spillway  pipe,  the 

unknown  location  of  the  livestock  watering  system,  a  need  for  periodic  I 

inspection  by  a  qualified  engineer,  and  a  lack  of  maintenance  schedule.  H 

The  lack  of  seepage  and  stability  analyses  on  r  ;cord  is  also  a  deficiency  I 

that  should  be  corrected.  ■ 


It  is  recommended  that  the  owner  take  immediate  action  to 
correct  the  inadequacy  of  the  reservoir/spillway  system  to  pass  the 
Probable  Maximum  Flood.  Remedial  measures  should  also  be  taken  to 
correct  or  to  control  the  other  deficiencies  described  above  in  the  near 
future. 


Walter  G.  Shifrin,  P.E. 


/*»/ 

*£/  WALTER 
;2j  G.  SHIFRIN 

NUMBER 
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CARL  DREYER  LAKE  DAM,  Missouri  Inv.  No.  10158 


SECTION  1:  PROJECT  INFORMATION 


. 1  General 


a.  Authority 

The  Dam  Inspection  Act,  Public  Law  92-367  of 
August,  1972,  authorizes  the  Secretary  of  the  Army,  through  the 
Corps  of  Engineers,  to  initiate  a  national  program  of  dam  inspec¬ 
tions.  Inspection  for  Carl  Dreyer  Lake  Dam  was  carried  out  under 
Contract  DACW  43-80-C-0094  between  the  Department  of  the  Army, 
St.  Louis  District,  Corps  of  Engineers,  and  the  engineering  firms  of 
Consoer,  Townsend  &  Associates,  Ltd.,  and  PRC  Engineering  Consul¬ 
tants,  Inc.  (A  Joint  Venture),  of  St.  Louis,  Missouri. 

b.  Purpose  of  Inspection 

The  visual  inspection  of  Carl  Dreyer  Lake  Dam  was  made  on 
June  5,  1980.  The  purpose  of  the  inspection  was  to  make  a  general 
assessment  regarding  the  structural  integrity  and  operational 
adequacy  of  the  dam  embankment  and  its  appurtenant  structures. 


c.  Scope  of  Report 


This  report  summarizes  available  pertinent  data  relating 
to  the  project,  provides  a  summary  of  visual  observations  made 
during  the  field  inspection,  gives  an  assessment  of  hydrologic  and 
hydraulic  conditions  at  the  site,  presents  an  evaluation  of  the 
structural  adequacy  of  the  various  project  features  and  appraises 
the  general  condition  of  the  dam  with  respect  to  safety. 

Subsurface  investigations,  laboratory  testing  and  de¬ 
tailed  analyses  were  not  within  the  scope  of  this  study.  No  war¬ 
ranty  as  to  the  absolute  safety  of  the  project  features  is  implied 
by  the  conclusions  presented  in  this  report. 

It  should  be  noted  in  this  report  that  reference  to  the 
left  or  right  abutments  is  viewed  as  looking  downstream.  Where  left 
abutment  or  left  side  of  the  dam  is  used  in  this  report,  this  also 
refers  to  the  east  abutment  or  side,  and  right  to  the  west  abutment 
or  side. 

d.  Evaluation  Criteria 

The  inspection  and  evaluation  of  the  dam  is  performed  in 
accordance  with  the  U.S.  Army  Corps  of  Engineers  "Engineer  Regula¬ 
tion  No.  1110-2-106"  and  additional  guidelines  furnished  by  the  St* 
Louis  District  office  of  the  Corps  of  Engineers  for  Phase  1  Dam 
Inspections. 

Description  of  the  Project 
a.  Description  of  Dam  and  Appurtenances 

The  following  description  is  based  upon  observations  and 
measurements  made  during  the  visual  inspection  and  conversations 
with  Mr.  Bill  Dreyer,  the  owner's  representative.  TVo  Soil  Conser¬ 
vation  Service  (S.C.S.)  design  drawings  were  located  and  are  pre- 


-2- 


masm m 


sented  in  this  report  (see  Plates  4  and  5).  Discrepancies  between 
our  field  notes  and  the  design  drawings  were  found  and  are  noted  in 
Section  2.1. 

The  dam  is  a  homogeneous,  rolled,  earthfill  structure 
between  earth  abutments,  and  consists  of  two  straight  portions  of 
embankment  angled  at  approximately  32  degrees  to  each  other.  A  plan 
and  elevation  of  the  dam  are  shown  on  Plate  2  and  Photos  1  through  3 
show  views  of  the  dam.  The  major  portion  of  the  embankment  has  a 
bearing  of  approximately  N  67°  E  and  an  axis  length  of  344  feet 
between  the  right  abutment  and  the  point  of  intersection  of  the  two 
axes.  The  other  portion  of  the  dam  has  a  bearing  of  approximately  N 
35°  E  and  a  length  of  146  feet  between  the  point  of  intersection  of 
the  two  axes  and  the  emergency  spillway.  The  top  of  dam  has  a  total 
length  of  490  feet  between  the  emergency  spillway  and  the  right 
abutment.  The  change  in  the  alignment  of  the  dam  agrees  with  the 
design  drawing.  The  top  of  dam  is  15  feet  wide  and  was  measured  as 
level  with  an  elevation  of  808.5  feet  above  mean  sea  level  (M.S.L.). 
The  maximum  structural  height  of  the  dam  was  measured  as  34  feet. 
The  upstream  slope  above  the  water  surface  varied  between  1  vertical 
to  2.5  horizontal  (IV  to  2.5H).  The  downstream  slope  was  measured 
to  be  IV  to  1.75H.  According  to  Mr.  Dreyer,  a  core  trench  was 
constructed  parallel  to  the  dam  axis,  which  agrees  with  the  design 
drawings . 


The  dam  was  constructed  with  a  double  spillway  scheme; 
the  first  is  considered  the  principal  spillway  and  operates  as  a 
closed  conduit  when  flowing  full,  and  the  second  is  considered  the 
emergency  spillway  and  operates  as  an  open  channel. 

The  principal  spillway  was  constructed  from  approximately 
110  feet  of  welded  steel  pipe  with  a  5/16-inch  wall  thickness  and 
19-inch  inside  diameter.  The  inlet  end  of  the  pipe  has  been  cut  on 
an  angle  of  approximately  35  degrees  leaving  the  top  of  the  pipe 
protruding  over  the  bottom;  also,  there  is  a  30-inch  diameter  metal 
hood  welded  to  the  top  of  the  inlet  pipe  (see  Photo  5).  It  was  laid 
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through  the  embankment,  292  feet  to  the  right  of  the  emergency 
spillway,  on  an  approximately  30  percent  slope.  The  entrance  allows 
flow  directly  into  the  pipe.  The  principal  spillway  crest  elevation 
is  an  assumed  804  feet  above  M.S.L.  Water  flowing  over  the  crest  to 
the  outlet  end  of  the  spillway  pipe  enters  a  discharge  pool  before 
reaching  the  downstream  channel  (see  Photo  6).  According  to  the 
drawings  received  by  the  inspection  team,  two  6-foot  by  6-foot  metal 
cut  off  collars  were  installed  during  construction,  and  the  pipe 
that  was  used  for  the  spillway  conduit  was  bituminous  coated. 

The  emergency  spillway  was  constructed  into  the  left 
abutment  area  of  the  dam  with  a  discharge  channel  that  directs  the 
excess  flows  in  a  perpendicular  direction  away  from  the  dam;  after 
flowing  past  the  crest,  the  water  enters  a  wide  swale  type  channel 
before  being  directed  into  a  wooded  area  (see  Photo  7).  The  over¬ 
flow  eventually  reaches  the  downstream  channel.  The  emergency 
spillway  crest  operates  as  a  trapezoidal  open  channel  with  a  top 
width  of  58  feet,  a  bottom  width  of  29  feet,  and  side  slopes  of 
approximately  IV  to  8H.  The  slope  of  the  approach  to  the  emergency 
^  spillway  crest  is  14  percent,  the  crest  itself  is  level  for  a 

distance  30  feet,  and  the  discharge  channel  begins  with  a  slope  of 
approximately  1  percent  which  then  steepens  to  a  slope  of  almost  3 
percent  (see  Plate  3).  The  elevation  of  the  crest  is  about  807.2 
feet  above  M.S.L. ,  which  makes  it  about  3.2  feet  above  the  crest  of 
the  principal  spillway  and  about  1.3  feet  below  the  top  of  dam. 

No  low  level  outlet  or  outlet  works  were  found  for  this 
dam.  However,  according  to  Mr.  Dreyer,  a  1-1/2-inch  diameter  pipe 
was  provided  through  the  embankment  for  use  as  a  livestock  watering 
system.  The  system  was  capped  at  the  downstream  end.  The  location 
of  the  pipe  is  unknown. 
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b 


Location 


Carl  Dreyer  Lake  Dam  is  located  In  Montgomery  County  of 
the  State  of  Missouri  on  an  unnamed  tributary  of  the  Smith  Branch  of 
Clear  Fork  Creek,  which  flows  into  the  Loutre  River.  The  dam  is 
located  approximately  3  miles  northwest  of  the  town  of  New  Florence 
in  the  northwest  corner  of  Section  16  of  Range  5  West,  Township  48 
North  as  shown  on  the  New  Florence,  Missouri  Quadrangle  (7.5  minute 
series)  sheet. 

c.  Size  Classification 

Carl  Dreyer  Lake  Dam  Impounds  less  than  1,000  acre-feet 
but  more  than  50  acre-feet;  which  classifies  it  as  a  "small"  dam. 
The  maximum  structural  height  is  less  than  40  feet  and  greater  than 
25  feet,  which  also  leads  to  the  classification  of  a  "small"  dam. 
The  size  classification  is  determined  by  either  storage  or  the 
height,  whichever  gives  the  larger  size  category.  Therefore,  the 
size  classification  is  determined  to  fall  within  the  "small"  cate¬ 
gory  according  to  the  "Engineer  Regulation  No.  1110-2-106,  Appendix 
D"  by  the  U. S.  Department  of  the  Army,  Office  of  the  Chief  Engineer. 


d.  Hazard  Classification 

The  dam  has  been  classified  as  having  a  "high"  hazard 
potential  in  the  National  Inventory  of  Dams,  on  the  basis  that  in 
the  event  of  failure  of  the  dam  or  its  appurtenances,  excessive 
damage  could  occur  to  downstream  property  together  with  the  possi¬ 
bility  of  the  loss  of  life.  Based  upon  a  visual  inspection  of  the 
downstream  area,  our  findings  concur  with  this  classification. 
There  are  four  dwellings  and  two  buildings  within  the  estimate 
damage  zone,  which  extends  approximately  four  miles  downstream  of 
the  dam  (see  Photo  10). 


r 


II  Ujgi  mam 


e>  Ownership 

Carl  Dreyer  Lake  Dam  is  owned  privately  by  Dr.  and  Mrs. 
Carl  J.  Dreyer.  The  mailing  address  is  as  follows:  Dr.  and  Mrs. 
Carl  J.  Dreyer,  45  Glen  Road,  Webster  Groves,  Missouri,  63119. 

f .  Purpose  of  Dam 

The  purpose  of  the  dam  is  to  impound  water  for  recrea¬ 
tional  use  as  a  private  lake. 

g.  Design  and  Construction  History 

Carl  Dreyer  Lake  Dam  was  designed  by  the  Department  of 
Agriculture,  Soil  Conservation  Service,  in  June  of  1961.  Hie  design 
engineer  was  Mr.  Bernard  G.  Browning.  Mr.  Ralph  Kelslck  Jr.  was  the 
owner  of  the  property  when  the  plans  for  the  dam  were  prepared,  but 
the  dam  was  built  after  Dr.  Dreyer  purchased  the  property  from  Mr. 
Ralph  Kelsick  Jr.  According  to  Dr.  Dreyer,  the  dam  was  constructed 
between  January  and  July  of  1969  by  Mr.  Ray  Windsor  of  Williamsburg, 
Missouri. 

h.  Normal  Operational  Procedures 

Normal  procedure  for  this  dam  is  to  allow  the  reservoir 
to  remain  as  full  as  possible.  The  water  level  is  controlled  by 
rainfall,  runoff,  evaporation,  and  the  crest  of  the  principal 
spillway. 
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1.3 


Pertinent  Data 


a.  Drainage  Area  (square  miles): .  0.31 

b.  Discharge  at  Damsite 

Estimated  experienced  maximum  flood  (cfs):  .  .  76 

Estimated  ungated  spillway  capacity  with 

reservoir  at  top  of  dam  elevation  (cfs): .  173 

c.  Elevation  (Feet  above  M.S.L.) 

Top  of  dam: . .  . .  808.5 

Spillway  crest: 

Principal  Spillway  .  804.0 

(Assumed) 

Emergency  Spillway  .  807.2 

Normal  Pool: . .  804*0 

Maximum  Experienced  Pool: . . .  807.7 

Observed  Pool: . . .  804.0 

d.  Reservoir 

Length  of  pool  with  water  surface 

at  top  of  dam  elevation  (feet): .  1600 

e.  Storage  (Acre-Feet) 

Top  of  dam: . . . .  141 

Spillway  crest: 

Principal  Spillway.  ...........  78 

Emergency  Spillway  .  119 

Normal  Pool: . . .  78 

Maximum  Experienced  Pool: . .  127 

Observed  Pool:  .  .....  78 

f.  Reservoir  Surfaces  (Acres) 


Top  of  dam:.  . 
Spillway  crest: 


18 


Principal  Spillway .  11 

Emergency  Spillway  .  15 

Normal  Pool: . • .  11 

Maximum  Experienced  Pool:.  ....  .  16 

Observed  Pool: . 15 


g.  Dam 


Type: . Rolled,  Earthflll 

Length: . .  490  feet 

Structural  Height:  .  .....  34  feet 

Hydraulic  Height: . .  34  feet 

Top  width: . .  15  feet 

Side  slopes: 

Downstream . IV  to  1.75H 

Upstream . Varied  from  IV  to  2.5H  to  near 

vertical  (Above  the  water  surface) 

Zoning: . Homogeneous 

Impervious  core:  .  NA 

Cutoff: . A  core  trench  with  an  8-foot 


bottom  width  and  side  slopes 
of  1H  to  IV  (According  to 
design  drawing  and  Mr.  Dreyer) . 

Grout  curtain:  ............  None 

Freeboard  above  normal 

reservoir  level: . .  4.5  feet 

Volume: . .  14,385  cu.yds.  (According  to 

the  design  drawings) 

h.  Diversion  and  Regulating  Tunnel  .  None 

i.  Spillway 

Type: 

Principal  Spillway  .  Pipe,  uncontrolled 

Emergency  Spillway  .  Earthcut  channel,  uncontrolled 

Length  of  crest: 

Principal  Spillway  .  NA,  19-inch  I.D.  pipe 
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Emergency  Spillway  . 

Cresc  Elevation  (feet  above  MSL): 

Principal  Spillway  . 

Emergency  Spillway  ...... 

j.  Regulating  Outlets 
Type: . 

Location: . 

Length: . . 

Closure:  . 

Maximum  Capacity: . 


29  feet 

804.0 

807.2 

1-1/2-inch  diameter  livestock 
watering  system,  assumed  to  be 
abandoned.  (Reportedly) 

Unknown 

Unknown 

Cap  on  downstream  end 
Unknown 
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SECTION  2:  ENGINEERING  DATA 


2.1  Design 


Two  design  drawings  with  some  construction  notes  on  them  were 
obtained  from  the  Department  of  Agriculture,  Soil  Conservation  Service, 
and  are  included  as  part  of  this  report  (see  Plates  4  ana  5).  The 
drawings  were  prepared  in  June  of  1961  by  the  Department  of  Agriculture, 
Soil  Conservation  Service.  Floou  routing  calculations  for  the  principal 
and  emergency  spillways  are  included  as  part  of  the  drawings  (see  Plate 
5). 


Numerous  discrepancies  were  found  between  our  field  notes  and 
the  design  drawings  and  are  mentioned  below: 

1.  The  top  thickness  of  the  dam  according  to  the  draw¬ 
ings,  was  11  feet  and  field  measurements  show  it  to  be  15  feet. 

2.  The  total  length  of  the  erabartkment,  according  to  the 
drawings,  was  approximately  545  feet  between  the  right  abutment  and 
the  emergency  spillway  and  the  field  measured  distance  was  490  feet. 

3.  The  respective  distances  of  the  two  lengths  of 
embankment  also  differed  from  that  shown  on  the  plans.  The  major 
portion,  according  to  the  drawings,  was  372  feet  but  was  field 
measured  as  344  feet.  The  other  portion  was  designed  to  be  173  feet 
but  was  field  measured  as  146  feet. 

4.  According  to  the  drawings,  the  maximum  structural 
height  was  between  27  and  24.8  feet,  depending  upon  the  anticipated 
settlement.  Field  measurements  show  the  structural  height  to  be  34 
feet. 

5.  The  upstream  and  downstream  slopes  according  to  the 
design  drawings  were  IV  to  3H  and  IV  to  2H,  respectively;  our 
measurements  show  them  to  be  IV  to  2.5H  and  IV  to  1.75H,  respec¬ 
tively.  However,  the  upstream  slope  was  measured  only  above  the 
normal  water  surface,  which  may  or  may  not  reflect  the  way  the 
upstream  slope  was  actually  constructed  due  to  the  observed  damage 
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(see  Section  3.1b)  to  the  upper  portion  of  the  slope 

6.  The  principal  spillway  pipe,  according  to  the  draw¬ 
ings,  was  originally  designed  using  a  21-inch  diameter  corrugated 
metal  pipe.  According  to  the  construction  notes  on  the  drawings, 
the  pipe  was  changed  to  a  20-inch  inside  diameter  steel  pipe.  Our 
inspection  shows  that  a  10-inch  inside  diameter  welded  steel  pipe 
was  used.  Originally  the  pipe  was  to  be  bituminous  coated,  however, 
no  evidence  of  this  could  be  observed  in  the  field. 

7.  The  location  of  the  principal  spillway  pipe,  accord¬ 
ing  to  the  design  drawings,  was  215  feet  to  the  left  of  the  right 
abutment.  Field  measurements  show  this  distance  as  198  feet. 

8.  The  emergency  spillway  crest  should  be  2.2  feet  above 
the  principal  spillway  crest  and  1.6  feet  below  the  top  of  dam,  if 
built  according  to  the  drawings;  field  measurements  indicate  that 
these  distances  are  3.2  feet  and  1.3  feet,  respectively.  The 
drawings  also  use  a  44-foot  crest  length  for  the  emergency  spillway, 
whereas  a  29-foot  length  was  measured  in  the  field, 

2 . 2  Construction 

No  data  are  available  concerning  the  construction  of  the  dam 
and  appurtenant  structures,  other  than  the  design  drawings  with  the 
construction  notes  on  them,  and  the  information  obtained  from  by  tele¬ 
phone  Dr.  Dreyer  (described  below).  Dr.  Dreyer  made  available  six  slides 
that  were  taken  during  the  construction  of  the  dam.  The  slides  are 
primarily  general  overviews  of  the  reservoir  and  dam  embankment  and  are 
not  included  in  this  report. 

According  to  Dr.  Dreyer,  the  compaction  of  the  embankment  was 
achieved  by  the  activity  of  the  earthmoving  equipment  across  the  embank¬ 
ment;  no  compaction  control  was  employed  and  periodic  inspections  of  the 
damsite  during  the  construction  of  the  dam  were  made  by  the  Soil  Conser¬ 
vation  Service  (No  record  of  the  visits  were  found).  A  core  trench  was 
excavated  parallel  to  the  dam  axis  but  not  into  bedrock,  which  corre¬ 
sponds  to  what  is  shown  on  the  design  drawings.  The  trench,  according  to 
Dr.  Dreyer,  was  excavated  to  an  unknown  depth  into  a  suitable  hard  clay 


(firebrick  clay)  foundation.  The  trench  has  a  bottom  width  of  8  feet  and 
side  slopes  of  IV  to  1H,  according  to  the  design  drawings. 

2 . 3  Operat ion 

No  operational  records  are  available  for  Carl  Dreyer  Lake  Dam. 


2 . 4  Evaluat ion 

a.  Availability 

The  availability  of  engineering  data  is  good.  The  data 
consist  of  the  design  drawings  and  flood  routing  calculations 
mentioned  in  Section  2.1,  a  soil  survey  of  Montgomery  County  con¬ 
ducted  by  the  Soil  Conservation  Service,  State  Geological  Maps,  and 
U.S.G.S.  Quadrangle  Sheets. 

b.  Adequacy 

The  conclusions  presented  in  this  report  are  based  upon 
field  measurements,  the  available  engineering  data,  past  perfor¬ 
mance,  and  present  condition  of  the  dam.  The  available  data  and  the 
field  measurements  are  adequate  enough  to  evaluate  the  hydraulic  and 
hydrologic  capabilities  of  the  dam  and  its  appurtenant  structures. 
Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not 
available,  which  is  considered  a  deficiency.  These  seepage  and 
stability  analyses  should  be  performed  for  appropriate  loading 
conditions  (including  earthquake  loads)  and  made  a  matter  of  record. 
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Validity 


c . 


A  set  of  design  drawings  was  available  for  review.  From 
field  measurements,  the  dam  appears  to  have  been  basically  con¬ 
structed  according  to  the  available  drawings;  however,  the  drawings 
cannot  be  considered  "As-built"  drawings  due  to  the  discrepancies 
described  in  Section  2.1.  The  di screpancies  between  the  design 
drawings  and  the  field  notes  are  considered  to  be  minor.  The  only 
discrepancies  that  might  have  some  affect  on  the  safety  of  the  dam 
and  appurtenant  structures  would  be  the  more  steeply  constructed 
slopes  of  the  embankment  and  the  smaller  bottom  width  used  in 
construction  of  the  emergency  spillway. 
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SECTION  3:  VISUAL  INSPECTION 


3. 1  Findings 


a.  General 


A  visual  inspection  of  the  Carl  Dreyer  Lake  Dam  was  made 
on  June  5,  1980.  The  following  persons  were  present  during  the 

inspection: 


Name 


Affiliation 


Disciplines 


Mark  Haynes,  P.E.  PRC  Engineering  Consultants,  Inc-  Project  Engineer, 

Soils  and  Mechanical 


Jerry  Kenny  PRC  Engineering  Consultants,  Inc.  Hydraulics  and 

Hydrology 


Robert  McLaughlin,  PRC  Engineering  Consultants,  Inc-  Civil 
P.  E. 


Razt  Quraishi,  PRC  Engineering  Consultants,  Inc.  Geology 
R.  P.  G . 


John  Lauth,  P.E.  Consoer,  Townsend  &  Assoc*,  Ltd.  Civil  and 

Structural 


Bill  Dreyer  Owner's  Representative 


Specific  observations  are  discussed  below. 
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!>.im 


The  overall  condition  of  the  dam  appears  to  be  fair. 
Some  items  of  concern  were  observed  and  are  described  below. 

The  top  of  dam  appears  to  be  adequately  protected  against 
surface  erosion  by  a  well-maintained  grass  cover  and  is  occasionally 
used  as  a  farm  access  road  (see  Photo  2).  No  tire  ruts  or  depres¬ 
sions,  which  are  sometimes  associated  with  vehicular  traffic  across 
earthen  structures,  were  observed.  No  depressions  or  cracks  indica¬ 
ting  a  settlement  of  the  embankment  were  observed.  No  significant 
deviation  in  the  vertical  or  horizontal  alignment,  other  than  the 
change  in  direction  of  the  alignment  was  apparent.  According  to  Mr. 
Dreyer,  the  dam  has  never  been  overtopped  and  no  evidence  indicating 
the  contrary  was  observed. 

The  upstream  slope  was  originally  constructed  with  no 
riprap  protection.  According  to  Mr.  Dreyer,  riprap  was  placed  on 
the  upstream  slope  between  1970  and  1972.  Evidence  of  the  riprap 
was  observed  on  the  slope;  however,  only  a  small  amount  of  riprap 
remained  near  the  water  surface,  which  did  not  appear  to  provide 
adequate  protection  against  wave  action.  Considerable  wave  erosion 
of  the  slope  near  the  normal  water  surface  level  has  occurred  (see 
Photo  4).  In  a  few  areas,  the  scarps  due  to  the  wave  erosion 
extended  to  the  top  of  dam,  and  the  slope  has  steepened  to  near 
vertical.  Undercutting  of  the  slope  was  observed,  which  indicates 
future  sloughing  of  the  slope  is  possible.  Canary  reed  grass  was 
also  planted  near  the  water  surface  to  prevent  further  erosion  of 
the  slope.  The  upper  portion  of  the  slope  appeared  to  be  adequately 
protected  against  surface  erosion  by  an  unmaintained  grass  cover 
(see  Photo  1).  No  bulges,  depressions  or  cracks  indicating  an 
instability  of  the  embankment  or  foundation  were  observed  on  the 
slope. 


-15- 


TSBSWBm 


The  down8t,'3am  slope  was  covered  by  a  heavy  growth  of 
vegetation  and  small  tre«8  (see  Photo  3).  The  vegetation  hampered  a 
comprehensive  inspection  of  the  slope.  On  the  day  of  the  inspec¬ 
tion,  Mr.  Dreyer  was  in  the  proce*  i  of  removing  the  trees  from  the 
slope.  Most  of  the  trees  measured  3  inches  in  diameter  with  one 
measuring  6  inches  in  diameter.  Standing  water  and  an  area  of  boggy 
ground  was  observed  just  downstream  of  the  toe  of  dam  and  to  the 
left  of  the  principal  spillway  outlet.  The  area  extended  approxi¬ 
mately  100  feet  to  the  left  of  the  outlet.  It  was  undetermined 
whether  :he  standing  water  was  due  to  seepage  through  the  embankment 
or  found  ition  or  due  to  a  recent  rainstorm.  No  measurable  flow, 
boils,  or  evidence  of  piping  of  the  embankment  material  were  ob¬ 
served.  One  small  erosion  gulLy  was  seen  downstream  of  the  toe  on 
the  left  side  of  the  dam.  No  bulges,  depressions  or  cracks  were 
apparent  on  the  slope. 

Both  abutments  slope  gently  upward  from  the  top  of  dam. 
No  instabilities,  seepage,  or  erosion  were  observed  on  either 
abutment . 


No  evidence  of  burrowing  animals  was  apparent  on  either 
the  embankment  or  abutments. 

c.  Project  Geology  and  Soils 
(1)  Project  Geology 

The  damsite  is  located  on  an  unnamed  tributary  of  the 
Smith  Branch  of  Clear  Fork  Creek  in  the  Dissected  Till  Plains 
Section  of  the  central  Lowland  Physiographic  Province.  Loess- 
mantled  Kansas  drift  covers  the  surface  of  most  of  the  Dissected 
Till  Plains  Section.  This  section  is  distinguished  from  the  Young 
Drift  Section  to  the  north  and  from  the  Till  Plains  on  the  east  by 
the  stage  it  has  reached  in  the  post-glacial  erosion  cycle.  Broadly 
generalized,  this  section  is  a  nearly  flat  till  plain  submature  to 
mature  in  its  erosion  cycle. 
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The  topography  at  the  damsite  is  flat  to  rolling  with  II- 
shaped  valleys.  Elevation  of  the  ground  surface  ranges  from  820 
feet  above  M.S.L.  at  the  damsite  to  850  feet  above  M.S.L.  nearly  0.5 
miles  northeast  of  the  damsite.  The  reservoir  slopes  are  in  the 
range  of  15°  from  the  horizontal  at  the  western  and  northern  sides, 
and  between  8°  and  30°  from  the  horizontal  at  the  northeast  side  of 
the  reservoir.  The  area  near  the  damsite  is  covered  with  slope  wash 
deposits  of  glacial-fluvial  and  loess  origins  consisting  of  mottled 
reddish-brown  to  gray,  silty  clay. 

The  regional  bedrock  geology  beneath  the  glacial  outwash 
deposits  in  the  damsite  area,  as  shown  on  Geologic  Map  of  Missouri 
(1979)  (see  Plate  6),  consists  of  the  Pennsyslvanian  Marmaton- 
Cherokee  Group  rocks  (cyclic  deposits  of  shale,  limestone  and 
sandstone),  Mississippian  Burlington  Limestone  (cherty,  grayish 
brown,  sandy  limestone),  the  Mississippian  Chouteau  Group,  the 
Devonian  Sulphur  Springs  Group  (Bushberg  Sandstone,  Glen  Park 
Limestone,  Grassy  Creek  Shale),  and  Ordovician  rocks  consisting  of 
Maquoketa  Shale,  Kimmswick  Limestone,  Cape  Limestone,  Joachim 
Dolomite,  St.  Peter  Sandstone,  and  Powell  Dolomite.  The  predominent 
bedrock  near  the  damsite  underlying  the  glacial-fluvial  deposits  are 
the  Pennsylvanian  cyclic  deposits  of  shale,  limestone,  and  sandstone 
of  the  Marmaton-Cherokee  Group  and  Mississippian  Burlington  Lime¬ 
stone.  Inlet  and  outlet  areas  of  the  unnamed  tributary  of  the  Smith 
Branch  exhibit  quaternary  alluvium. 

No  faults  have  been  identified  in  the  vicinity  of  the 
damsite.  The  closest  trace  of  a  fault  to  the  damsite  is  the  Mineola 
Fault  nearly  4  miles  southwest  of  the  damsite.  The  Mineola  fault 
had  its  last  movement  in  post-Early  Ordovician  time.  Thus,  the 
fault  has  no  effect  on  the  damsite. 

Carl  Dreyer  Lake  Dam  consists  of  a  homogenous  earthfill 
embankment,  a  metallic  principal  spillway  pipe  located  at  the  raid- 
section  of  the  embankment,  and  an  emergency  spillway  located  near 
the  left  abutment  of  the  embankment.  Based  on  the  data  from  the 
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available  construction  drawings  and  the  visual  inspection,  the 
embankment  probably  rests  on  the  glacial  deposits  of  yellowish 
brown,  silty  clay.  Available  data  indicates  that  a  pre-construction 
exploratory  boring  of  5  feet  was  drilled  along  the  axis  of  the  dam 
near  the  original  stream  channel.  This  boring  was  terminated  in 
clay.  The  emergency  spillway  was  cut  into  the  glacial-fluvial 
deposits  of  the  left  abutment. 

(2)  Project  Soils 

According  to  the  "Soil  Survey  of  Montgomery  and  Warren 
Counties,  Missouri"  published  by  the  Soil  Conservation  Service  in 
1978,  the  soils  in  the  general  area  of  the  dam  belong  to  the 
Keswick-Lindley  association.  The  soils  at  the  damsite  consist  of 
the  Keswick  silt  loam  and  clay  loam,  the  Sharon  silt  loam  and  the 
Lindley  loam.  These  soils  are  basically  formed  from  glacial  till 
and  alluvium.  The  Keswick  clay  loam  is  generally  quite  susceptible 
to  erosion.  If  the  Keswick  soil  was  used  in  the  embankment,  the 
potential  of  failure  of  the  embankment  would  be  increased  due  to 
erosion  during  overtopping. 

Materials  removed  from  the  upstream  and  downstream  slopes 
of  the  embankment  appeared  to  be  a  light  brown,  silty  clay  with  some 
fine  to  coarse  sand.  Based  upon  the  Unified  Soil  Classification 
System,  the  soil  would  probably  be  classified  as  a  CL.  This  is  an 
impervious  soil  type  which  generally  has  the  following  characteris¬ 
tics:  a  coefficient  of  permeability  less  than  1.0  foot  per  year, 
medium  shear  strength,  and  a  high  resistance  to  piping. 
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d.  Appurtenant  Structures 


(1)  Principal  Spillway 

The  principal  spillway  appears  to  be  in  fairly  good 
shape,  both  at  the  inlet  end  and  at  the  outlet  end.  However,  there 
does  not  seem  to  be  any  kind  of  a  protective  coating  applied  to  the 
pipe,  and  some  resultant  rust  and  corrosion  are  presently  occurring 
(see  Photos  5  and  6). 

(2)  Emergency  Spillway 

The  emergency  spillway  approach  area  contains  a  sloughed 
section  and  resultant  erosion;  also,  some  reeds  are  beginning  to 
appear  in  front  of  the  inlet  area  (see  Photo  7). 

(3)  Outlet  Works 

No  low  level  outlets  or  outlet  works  were  provided  for 
this  dam.  The  only  operating  facility  at  the  damsite  is,  re¬ 
portedly,  a  1-1/2-inch  diameter  pipe  used  to  supply  water  to 
livestock  downstream.  The  location  of  the  livestock  watering  system 
was  unknown  and  the  system  is  assumed  abandoned. 

e.  Reservoir  Area 

The  reservoir  water  surface  elevation  at  the  time  of  the 
inspection  was  assumed  at  804  feet  above  M.S.L. 

The  surface  area  of  the  reservoir  at  normal  water  level 
is  about  11  acres.  The  rim  appeared  to  be  stable  with  no  erosional 
problems  observed.  The  land  around  the  reservoir  slopes  gently 
upward  from  the  rim  and  is  grass  and  tree  covered  (see  Photo  9). 
One  house,  owned  by  Dr.  Carl  Dreyer,  is  built  on  the  right  side  of 
the  reservoir  area. 
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f.  Downstream  Channel 

The  downstream  channel  is  undefined  and  obstructed  with 
trees  and  large  vegetation  (see  Photo  8).  The  streambed  is  very 
narrow  and  shallow,  and  the  floodplain  outside  of  the  streambed  is 
fairly  wide. 

3 . 2  Evaluat ion 

The  visual  inspection  uncovered  nothing  of  a  consequential 
nature  which  would  require  immediate  remedial  action.  However,  the 
following  conditions  were  observed  which  could  adversely  affect  the  dam 
in  the  near  future. 

1.  The  possible  seepage,  indicated  by  standing  water  and 
boggy  ground  in  an  area  downstream  of  the  toe  and  to  the  left  of  the 
principal  spillway  outlet,  could  affect  the  structural  stability  of  the 
d.im.  It  was  undetermined  if  the  condition  was  due  to  seepage  or  a  recent 
rainstorm.  If  it  was  indeed  due  to  seepage  and  the  rate  of  seepage  were 
to  increase,  it  is  possible  that  the  seepage  could  transport  soil  par¬ 
ticles.  This  could  cause  piping  of  embankment  material  which  could  lead 
to  an  eventual  failure  of  the  embankment. 

2.  The  small  trees  observed  on  the  downstream  slope  pose  a 
potential  danger  to  the  safety  of  the  dam  depending  upon  the  extent  of 
the  root  system.  On  the  day  of  the  inspection,  Mr.  Dreyer  was  in  the 
process  of  removing  the  trees  from  the  slope.  The  roots  of  large  trees 
present  possible  paths  for  piping  through  the  embankment.  The  root 
systems  can  also  do  damage  to  the  embankment  from  being  uprooted  by  a 
storm. 


3.  The  wave  erosion  on  the  upstream  slope  does  not  appear  to 
affect  the  stability  of  the  dam  in  its  present  condition.  Corrective 
measures  have  been  taken  to  control  the  erosion,  but  they  appear  to  be 
ineffective.  Continual  erosion  of  the  slope  can  only  be  detrimental  to 
the  stability  of  the  dam. 
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4.  The  erosion  downstream  of  the  toe  does  not  pose  a  danger 
to  the  stability  of  the  embankment  in  its  present  condition.  Neverthe¬ 
less,  continual  erosion  could  endanger  the  stability  of  the  dam. 

5.  The  growth  of  vegetation  on  the  embankment  should  be 
properly  maintained.  A  tall,  dense  growth  of  vegetation  on  the  embank¬ 
ment  hinders  a  comprehensive  inspection  of  the  dam  and  potential  problems 
could  go  undetected. 

6.  The  rust  on  the  principal  spillway  pipe  does  not  appear 
severe  enough  to  cause  problems  at  this  time. 

7.  The  sloughed  area  of  the  emergency  spillway  induces  a 
turbulent  condition  when  excess  floodwaters  flow  over  it;  this  in  turn 
could  cause  the  situation  to  worsen,  by  exposing  more  of  the  emergency 
spillway  inlet  area  to  surface  erosion.  If  the  reeds  in  front  of  the 
emergency  spillway  inlet  continue  to  grow  there,  an  obstructed  entrance 
could  eventually  be  created. 

8.  The  livestock  watering  system,  even  though  it  is  presumed 
abandoned,  could  be  a  source  of  serious  problems.  A  seepage  path  could 
occur  along  the  pipe,  which  could  cause  piping  of  the  embankment  material 
and  lead  to  an  eventual  failure  of  the  dam. 


SECTION  4:  OPERATIONAL  PROCEDURES 


4.1  Procedures 


There  are  no  specific  procedures  set  forth  for  the  operation 
of  Carl  Dreyer  Lake  Dam.  The  water  level  below  the  principal  spillway 
crest  is  allowed  to  remain  as  high  as  possible,  and  is  controlled  by 
rainfall,  runoff,  evaporation,  and  unregulated  spillway  releases.  The 
only  operating  facility  at  the  damsite  is  a  livestock  watering  system, 
which  appears  to  be  abandoned. 

4.2  Maintenance  of  Dam 


The  dam  is  maintained  by  Dr.  Carl  Dreyer,  the  owner,  and  Mr. 
Bill  Dreyer.  Mr.  Bill  Dreyer  was  in  the  process  of  removing  the  small 
trees  from  the  downstream  slope  on  the  day  of  the  Inspection.  The  top  of 
dam  and  the  emergency  spillway  are  mowed  periodically.  However,  the 
upstream  and  downstream  slopes  have  received  little  or  no  maintenance 
and,  consequently,  dense  vegetation  and  trees  have  grown  up  on  the 
downstream  slope.  Riprap  has  been  added  to  the  upstream  slope  near  the 
water's  edge  to  prevent  wave  erosion.  Nevertheless,  the  riprap  is 
inadequate  and  continual  erosion  of  the  slope  is  evident. 

4.  3  Maintenance  of  Operating  Facilities 

There  are  no  operable  facilities  associated  with  the  dam, 
other  than  the  assumed  abandoned  livestock  watering  system. 
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4. 4  Description  of  Any  Warning  System  in  Effect 

The  inspection  team  is  not  aware  of  any  existing  warning 
system  consisting  of  any  electrical  warning  systems  or  manual  notifica¬ 
tion  warning  plans  in  effect  for  this  dam. 

4. 5  Evaluation 


The  maintenance  at  Carl  Dreyer  Lake  Dam  appears  to  be  inade¬ 
quate  at  this  time,  however,  the  dam  does  not  appear  to  be  neglected. 
The  remedial  measures  described  in  Section  7  should  be  undertaken  to 
improve  the  condition  of  the  dam. 


I 
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SECTION  5:  HYDRAULIC/HYDROLOGIC 


5. I  Evaluation  of  Features 


a.  Design 

The  watershed  area  of  the  Carl  Dreyer  Lake  Dam  upstream 
from  the  dam  axis  consists  of  approximately  200.5  acres.  The 
watershed  area  is  mostly  crop  land  or  wooded  areas  with  some  pasture 
land.  Land  gradients  in  the  watershed  average  roughly  2  pecent. 
The  Carl  Dreyer  Lake  Dam  is  located  on  an  unnamed  tributary  of  the 
Smith  Branch  of  Clear  Fork  Creek.  The  reservoir  behind  the  dam  is 
about  0.3  miles  upstream  from  the  confluence  of  the  unnamed  tribu¬ 
tary  and  the  Smith  Branch.  The  watershed,  at  its  longest  arm,  is 
approximately  0.8  miles  long.  A  drainage  map  showing  the  watershed 
and  the  downstram  hazard  zone  is  presented  as  Plate  1  in  Appendix  B. 

Evaluation  of  the  hydraulic  and  hydrologic  features  of 
Carl  Dreyer  Lake  Dam  was  based  upon  criteria  set  forth  in  the  Corps 
of  Engineers'  "Engineer  Regulation  No.  1110-2-106"  and  additional 
guidance  provided  by  the  St.  Louis  District  of  the  Corps  of  Engi¬ 
neers.  The  Probable  Maximum  Flood  (PMF)  was  calculated  from  the 
Probable  Maximum  Precipitation  (PMP)  using  the  methods  outlined  in 
the  U. S.  Weather  Bureau  Publication,  Hydrometeorlogical  Report  No. 
33.  The  probable  maximum  storm  duration  was  set  at  24  hours,  and 
storm  rainfalL  distribution  was  based  upon  criteria  given  in  the 
Corps  of  Engineers'  EM  1110-2-1411  (Standard  Project  Storm).  The 
Soil  Conservation  Service  (SCS)  method  was  used  for  deriving  the 
unit  hydrograph,  utilizing  the  Corps  of  Engineers'  computer  program 
HEC-1  (Dam  Safety  Version).  The  unit  hydrograph  parameters  are 
presented  in  Appendix  B.  The  SCS  method  also  was  used  for  determin¬ 
ing  the  loss  rate*  The  hydrologic  soil  group  of  the  watershed  was 
determined  by  use  of  published  soil  maps.  The  hydrologic  soil  group 
of  the  watershed  and  the  SCS  curve  number  are  presented  in  Appendix 
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B.  The  curve  number,  unit  hydrograph  parameters,  the  PMP  index 
rainfall  and  the  percentages  for  various  durations  were  direct  input 
to  the  HEC-1  (Dam  Safety  Version)  computer  program  to  obtain  the  PMF 
hydrograph.  The  computed  peak  inflows  of  the  PMF  and  the  one-half 
PMF  are  3,527  cfs  and  1,763  cfs,  respectively. 

Both  the  PMF  and  the  one-half  PMF  inflow  hydrographs  were 
routed  through  the  reservoir  by  the  Modified  Puls  Method,  also 
utilizing  the  HEC-1  (Dam  Safety  Version)  computer  program.  An 
antecedent  storm  of  50  percent  of  the  PMF,  preceded  the  PMF  and  an 
antecedent  storm  of  25  percent  of  the  PMF  preceded  the  one-half  PMF, 
each  by  four  days.  The  reservoir  was  assumed  at  the  mean  annual 
high  water  level  at  the  beginning  of  the  antecedent  storm.  The  mean 
annual  high  water  level  for  Carl  Dreyer  Lake  Dam  was  estimated  to  be 
at  the  crest  of  the  principal  spillway.  The  antecedent  storm  of  50 
percent  of  the  PMF,  when  routed  through  the  reservoir,  will  leave 
the  reservoir  at  an  elevation  of  approximately  804.45  at  the  end  of 
the  four-day  period.  Thus,  the  reservoir  was  assumed  to  be  at  the 
level  of  804.45  at  the  start  of  the  routing  computation  for  the  PMF 
and  PMF  ratio  floods  other  than  the  one-half  PMF.  The  reservoir  was 
assumed  to  be  at  the  crest  of  the  principal  spillway  at  the  start  of 
the  routing  computation  for  the  one-half  PMF.  The  peak  outflow 
discharges  for  the  PMF  and  the  one-half  PMF  are  3,180  and  1,559  cfs, 
respectively.  Both  the  PMF  and  the  one-half  PMF,  when  routed 
through  the  reservoir,  resulted  in  overtopping  of  the  dam. 

The  sizes  of  physical  features  utilized  to  develop  the 
stage-outflow  relation  for  the  spillway  and  overtopping  of  the  dam 
were  taken  from  field  notes  and  sketches  prepared  during  the  field 
inspection.  The  reservoir  elevation-area  data  were  obtained  from 
the  U.S.G.S.  New  Florence,  Missouri  Quadrangle  topographic  map  (7.5 
minute  series) .  The  reservoir  elevation-area  curve  and  the  spillway 
and  overtop  rating  curve  are  presented  as  Plates  2  and  3,  respec¬ 
tively,  in  Appendix  B. 
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From  the  standpoint  of  dam  safety,  the  hydrologic  design 
of  a  dam  must  aim  at  avoiding  overtopping.  Overtopping  is  espe¬ 
cially  dangerous  for  an  earth  dam  because  of  its  erodable  character¬ 
istics.  The  safe  hydrologic  design  of  an  embankment  dam  requires  a 
spillway  discharge  capability  combined  with  an  embankment  height 
that  can  handle  a  very  large  and  exceedingly  rare  flood  without 
overtopping  the  dam. 

The  Corps  of  Engineers  designs  dams  to  safely  pass  the 
Probable  Maximum  Flood  that  could  be  generated  from  the  dam's 
watershed.  This  is  the  generally  accepted  criterion  for  major  dams 
throughout  the  world  and  is  the  standard  for  dam  safety  where 
overtopping  would  pose  any  threat  to  human  life*  Accordingly,  the 
hydrologic  requirement  for  safety  for  this  dam  is  the  capability  to 
pass  the  Probable  Maximum  Flood  without  overtopping  the  dam. 

b.  Experience  Data 

It  is  believed  that  records  of  reservoir  stage  or  spill¬ 
way  discharge  are  not  maintained  for  this  site.  However,  according 
to  Mr.  Dreyer,  the  maximum  observed  reservoir  level  was  approxi¬ 
mately  six  inches  over  the  crest  of  the  emergency  spillway. 

c.  Visual  Observations 

Observations  made  of  the  spillways  during  the  visual 
inspection  are  discussed  in  Section  3.  Id  and  evaluated  in  Section 

3.2. 


d.  Overtopping  Potential 

As  indicated  in  Section  5.1a,  both  the  Probable  Maximum 
Flood  and  the  one-half  Probable  Maximum  Flood  when  routed  through 
the  reservoir,  resulted  in  overtopping  of  the  dam.  The  peak  outflow 
discharges  for  the  PMF  and  the  one-half  PMF  are  3,180  and  1,559  cfs, 
respectively.  The  maximum  capacity  of  the  spillway  just  before 
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overtopping  the  dam  is  173  cfs.  The  PMF  overtopped  the  dam  by  1.41 
feet  and  the  one-half  PMF  overtopped  the  dam  by  0.82  feet.  The 
total  duration  of  flow  over  the  top  of  dam  is  6.25  hours  during  the 
occurrence  of  the  PMF  and  4.17  hours  during  the  occurrence  of  the 
one-half  PMF.  The  spillway/reservoir  system  of  Carl  Dreyer  Lake  Dam 
is  capable  of  accommodating  a  flood  equal  to  approximately  20 
percent  of  the  PMF  just  before  overtopping  the  dam.  The  reser¬ 
voir/spillway  system  of  Carl  Dreyer  Lake  Dam  will  accommodate  the 
one-percent  chance  flood  (100-year  flood)  without  overtopping  the 
dam. 

The  failure  of  the  dam  could  c  iu.se  extensive  damage  to 
the  property  downstream  of  the  dam  and  possible  loss  of  life.  The 
estimated  damage  zone  extends  approximately  four  miles  downstream  of 
the  dam.  There  are  four  dwellings  and  two  buildings  within  the 
damage  zone. 
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SECTION  6:  STRUCTURAL  STABILITY 


6. 1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 

There  were  no  major  signs  of  settlement  or  distress 
observed  on  the  embankment  or  foundation  during  the  visual  inspec¬ 
tion.  The  possible  seepage  observed  to  the  left  of  the  principal 
spillway  outlet  does  not  appear  to  affect  the  stability  of  the  dam 
in  its  present  condition.  Nevertheless,  any  increase  in  the  condi¬ 
tion  of  the  seepage  can  only  be  detrimental  to  the  embankment.  The 
erosion  due  to  wave,  action  on  the  upstream  slope  does  not  appear  to 
be  serious  enough  to  constitute  an  unsafe  condition,  and  according 
to  Mr.  Dreyer,  steps  have  been  taken  to  control  the  problem. 
Nevertheless,  the  steps  taken  appear  to  be  ineffective  and  future 
sloughing  is  possible.  The  erosion  downstream  of  the  toe  does  not 
affect  the  stability  of  the  dam  in  its  present  condition.  There  was 
no  indication  of  past  or  present  slope  instability.  In  the  absence 
of  seepage  and  stability  analyses,  no  quantitative  evaluation  of  the 
structural  stability  can  be  made. 

Both  the  principal  spillway  pipe  and  the  emergency 
spillway  channel  systems  appeared  to  be  structurally  stable  on  the 
day  of  the  inspection. 

b.  Design  and  Construction  Data 

The  design  drawings  and  the  flood  routing  calculations 
were  of  limited  use  in  the  assessment  of  the  structural  stability  of 
the  dam  and  appurtenant  structures.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams"  were  not  available.  No  embankment  or 
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foundation  soil  parameters  were  available  for  carrying  out  a  conven¬ 
tional  stability  analysis  on  the  embankment*  No  specifications 
relating  to  the  degree  of  embankment  compaction  were  available  for 
use  in  a  stability  analysis. 

c.  Operating  Records 

No  operating  records  are  available  relating  to  the 
stability  of  the  dam  or  its  appurtenant  structures.  No  regulated 
outlet  works  were  provided  for  the  dam,  other  than  the  assumed, 
abandoned  livestock  watering  system.  The  water  level  on  the  day  of 
the  visual  inspection  was  at  the  crest  of  the  principal  spillway. 
According  to  Mr.  Dreyer,  the  reservoir  remains  close  to  full  at  all 
t imes . 

d.  Post  Construction  Changes 

No  post  construction  changes  are  known  to  exist  which 
will  affect  the  structural  stability  of  the  dam. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  1  (see  Plate  8),  as 
defined  in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
prepared  by  the  Corps  of  Engineers,  and  will  not  require  a  seismic 
stability  analysis.  An  earthquake  of  the  magnitude  which  would  be 
expected  in  Seismic  Zone  1  will  not  cause  distress  to  a  well  de¬ 
signed  and  constructed  earth  dam.  Available  literature  indicates 
that  no  active  faults  exist  near  the  vicinity  of  the  damslte. 
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SECTION  7;  ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment 

The  assessment  of  the  general  condition  of  the  dam  is  based 
upon  available  data  and  visual  inspections.  Detailed  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation,  however,  the  investigation  is  Intended  to  identify 
any  need  for  such  studies. 

It  should  be  realized  that  the  reported  condition  of  the  dam 
is  based  upon  observations  of  field  conditions  at  the  time  of  inspection 
along  with  data  available  to  the  inspection  team. 

It  is  also  important  to  realize  that  the  condition  of  a  dam 
depends  upon  numerous  and  constantly  changing  internal  and  external 
factors,  and  is  evolutionary  in  nature.  It  would  be  Incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through  continued 
care  and  inspection  can  there  be  assurance  that  an  unsafe  condition  could 
be  detected. 


a.  Safety 

The  spillway  capacity  of  Carl  Dreyer  Lake  Dam  is  found  to 
be  "Seriously  Inadequate".  The  spillway/reservoir  system  will 
accommodate  about  20  percent  of  the  PMF  without  overtopping  the  dam. 
The  safety  of  the  embankment  will  be  in  jeopardy  if  the  dam  is 
overtopped.  The  embankment  itself  would  be  susceptible  to  erosion 
due  to  the  high  velocity  of  flow  on  its  downstream  slope  which  could 
lead  to  an  eventual  failure  of  the  dam* 
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The  dam  and  appurtenant  structures  appeared  to  be  in 
fair  condition.  However,  no  quantitative  evaluation  of  the  struc¬ 
tural  safety  of  the  embankment  can  be  made  in  view  of  the  absence  of 
seepage  and  stability  analyses.  The  present  embankment  and  appur¬ 
tenant  structures,  however,  have  performed  satisfactorily  since 
their  construction  without  failure  or  evidence  of  instability, 
according  to  Mr.  Dreyer.  Mr.  Dreyer  also  stated  that,  the  dam  has 
never  been  overtopped. 

The  safety  of  the  dam  can  be  improved  if  the  deficiencies 
described  in  Sections  3.2  and  6.1a  and  below  are  properly  corrected 
as  described  in  Section  7.2b.  The  small  trees  on  the  downstream 
slope  could  jeopardize  the  safety  of  the  dam,  if  continued  growth  is 
allowed. 

b.  Adequacy  of  Information 

The  conclusions  presented  in  this  report  are  based  upon 
field  measurements,  limited  design  drawings,  past  performance  and 
the  present  condition  of  the  dam.  The  design  drawings  and  the  flood 
routing  calculations  were  of  limited  use  in  the  assessment  of  the 
overall  safety  of  the  dam  and  its  appurtenant  structures.  Records  of 
the  operation  and  maintenance  of  the  dam  were  not  available. 
Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  also  not 
available,  which  is  considered  a  deficiency. 
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c.  Urgency 


The  remedial  measures  recommended  in  Paragraph  7.2  should 
be  accomplished  within  a  reasonable  period  of  time.  The  items 
recommended  in  paragraph  7.2a  should  be  pursued  on  a  high  priority 
basis.  The  remedial  measures  should  be  accomplished  under  the 
guidance  of  a  professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams. 

d.  Necessity  for  Phase  II  Inspection 

Based  upon  results  of  the  Phase  I  inspection,  assuming 
the  remedial  measures  recommended  in  Paragraph  7.2  are  undertaken,  a 
Phase  II  inspection  is  not  felt  to  be  necessary. 

7 . 2  Remedial  Measures 

a.  Alternatives 

There  are  several  general  options  that  may  be  considered  to 
reduce  the  possibility  of  dam  failure  or  to  diminish  the  harmful  aspects 
of  such  a  failure.  Some  of  these  options  are: 

1.  Increase  the  spillway  capacity  to  pass  the  PMF  without 
overtopping  the  dam. 

2.  Increase  the  height  of  the  dam  enough  to  pass  the  PMF 
without  overtopping  the  dam;  an  investigation  should  be 
done  which  also  includes  studying  the  effects  on  the 
structural  stability  of  the  existing  embankment.  The 
overtopping  depth  during  the  occurrence  of  the  PMF,  stated 
in  Section  5. Id,  is  not  the  required  or  recommended 
increase  in  the  height  of  the  dam. 
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3.  A  combination  of  1  and  2  above. 

0  &  M  Procedures 

1.  The  area  of  standing  water  and  boggy  ground  to  the  left  of 
the  principal  spillway  outlet  should  be  further  investi¬ 
gated  to  determine  if  the  condition  is  due  to  seepage  or  a 
recent  rainstorm.  If  the  condition  is  indeed  due  to 
seepage,  the  area  should  be  monitored  to  detect  any 
changes  in  location,  turbidity,  and  quantity  of  water. 
Any  changes  should  be  investigated  further  and  repairs 
made  as  necessary. 

2.  All  of  the  small  trees  on  the  downstream  slope  should  be 
removed  from  the  slope  and  prevented  from  regrowing. 

3.  The  erosion  due  to  wave  action  on  the  upstream  slope 
should  be  properly  repaired  and  adequately  protected  from 
further  damage. 

4.  The  erosion  downstream  of  the  toe  should  be  monitored  and 
properly  repaired  when  deemed  necessary. 

5.  The  vegetation  on  the  embankment,  especially  the  vegeta¬ 
tion  on  the  downstream  slope,  should  be  properly  main¬ 
tained  and  an  adequate  vegetative  cover  retained  on  the 
embankment  to  protect  it  from  surface  erosion  and  to 
prevent  excessive  erosion  in  the  event  the  dam  is  over¬ 
topped.  Large  vegetation,  such  as  bushes  and  trees, 
should  be  prevented  from  growing  on  the  embankment. 

6.  The  sloughed  area  in  the  emergency  spillway  approachway 
should  be  repaired  to  the  extent  that  a  smooth  transition 
of  flow  would  exist  during  use  by  excess  reservoir  over¬ 
flows.  Also,  the  growth  of  the  reeds  near  the  entrance  of 
the  emergency  spillway  should  be  maintained  in  such  a 
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manner  as  to  prevent  any  possible  obstruction  effect  from 
occurring.  The  emergency  spi llway  channel  should  be 
adequately  protected  to  avoid  excessive  erosion  in  the 
channel  during  flows  through  the  spillway. 

7.  The  rusting  of  the  principal  spillway  pipe  should  be 
monitored  and  repairs  made  when  deemed  necessary. 

8.  The  location  of  the  livestock  watering  system  should  be 
determined  and  the  area  around  the  pipe  monitored  to 
detect  potential  problems.  Any  associated  problems  with 
the  pipe  should  be  properly  repaired. 

9.  Seepage  and  stability  analyses  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams. 

10.  The  owner  should  initiate  the  following  programs: 

(a)  Periodic  inspection  of  the  dam  by  a  professional 
engineer  experienced  in  the  design  and  construction 
of  earth  dams. 

(b)  Set  up  a  maintenance  schedule  and  log  all  visits  to 
the  dam  for  operation,  repairs  and  maintenance. 
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Carl  Dreyer  Lake  Dam 
Photographs 

Photo  1  -  View  of  the  upstream  slope  showing  the  location  and  type 

of  the  principal  spillway* 

Photo  2  -  View  of  the  top  of  dam  showing  the  maintained  vegetative 

cover  and  the  curvature  at  the  intersection  of  the  two 
straight  lengths  of  the  embankment* 

Photo  3  -  View  of  the  downstream  slope  showing  the  dense  vegetative 

growth  of  grass,  bushes,  and  trees. 

Photo  4  -  View  of  the  upstream  slope  showing  the  scarps  caused  by 

the  wave  erosion  of  the  slope,  some  undercutting,  and  the 
scarcity  of  riprap* 

Photo  5  -  View  of  the  principal  spillway  pipe  inlet  showing  the 

steel  hood  provided  as  an  anti-vortex  device,  and  the  lack 
of  any  protection  coating. 

Photo  6  -  View  of  the  principal  spillway  outlet  and  the  discharge 

pool*  Note  dense  vegetation  on  downstream  slope. 

Photo  7  -  View  of  the  emergency  spillway  control  section  showing 

trees,  and  dense  vegetation,  and  partial  encroachment  by 
reeds  which  obstructs  the  inlet  and  discharge  channel  of 
the  spillway. 

Photo  8  -  View  of  obstructed  downstream  channel  just  downstream  of 

the  principal  spillway  outlet. 
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